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1.0 IiJ'IYODT,JCTIOi~: 

The u ~ e  of enerr7;y conv6:rsion dt.vic-s vith s o b r  snergy 2s th? input source 

show6 p r o d s ?  f o r  use i n  s p c e  ippl icct ions,  par t iculr i r ly  for extended 3eriods 

of time anc! Rt highp.xr power levels. Li&ht.*lelght, e f f i c i e n t  s o h r  cancenzrating 

s t ruc tu res  have received considerabk a n s l y t i c a l  a t t en t ion .  Thc work described 

i n  t h i s  report extends the study of solar concentretors i n t o  one area of the I 

% 

i 

fabr ica t ion  f e a s i b i l i t y  phase. 

C o ~ t r a c t  

The work was accomplished on P M A  LfWgLey 
- \  &-- 
7-15 over the period from 13 .Tune l%? to 14 September 1963 The 

C N  'li 1 
f I 
- 1 

1 by the s t r e t c h  i'orming proc3es. 

study entailed the fctbrication of three 60 inch d i e t e r  aluminmi concsntrutorr 



I 

rt thc sector J o i n t s .  

tchi.>verl for ~ l s e  i n  ai. h i  ;h temperature conversion device 



CLEVELAND, OHIO. U S. A .  

7 .  

whr:rt.in t h r c ?  nttc.rnpts w e r k  d e  a t  obttiining the dss i red  

qtuilfty. Io-aw*~r, t ke  wdn cri.us>-' i'or not meilting the q w l i t y  

was not beceuse it emnot .  be achiraved, but becauee an Improper 

cfioic*? ot' dl? Yribrication m~thocls was w-ue. Such a dir: queiiity 

- c m  be achieved, bu: vith t h e  addi%ion:%l m p e n d i t u r e  not ravalbble 

to this ntutiy. Therefore, th.. decis ion t o  study the rc.minder of 

th? f'?.brlcntion aspects without the desired d l c  q w l i t y  -vas msde. 
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0 3.1.1 To bz use3 with .I 2000 K cav i ty  tlbsorber. 

3.1.7 Sixty inch  iiLunetqr a d  60 rim mznt;le. 

1 .1. $ 

0 

koDi<:tric concentr-ctfon :.i 'ficiency of 95,:~. :it, an rbsorber 

c :vity ' ~ ~ ~ : r t , u r ~  ciiiunc>ter of 1.0 inch. 

c o n c ~ ~ r ~ t s . ~ t F o n  r::tLo of 3600: L) 

includr. rcf lxt im,  :;h,.[:o-d, +bsorb 2 r  rnimri-ntntion losses. 

( ;ross %rea 

This e f f i c i m c y  does not 



It :n1 

S/iI I 

S/II 3 



"l 

J 

CLEVELAND, OHIO. U S A 
I_ __-I____--- - 

3. .  Coll..ctor. Con;'i<umtion 

Th call ic tor  z c s m b l y  i: comprised of' & r i n g l s  ttilckng.ss (rneabranh) peraboloidd. 

t h e 1 1  reinforced a t  th: outside edge by a c i r c u l a r  r i ng  cis  shown in Figure 3.3-1. 

T h c  sh ; t l l  i s  assenbled from sisht, 45' sectors Joined a t  the r a d i a l  edge8 by ztn 

,itliip*sire borlded LIT b t r i p .  Th'2 c i r r u l i r  r i n g  i s  assenbld t o  thc  back side of 

',his S L I : ? L ~ .  A three poin-c :riounbing :ttt~lchm.nrnt on th.: circulLr ring; p c r  GASa 

L:ngl.?y dmwing Lx: 3034fl4 is  F r o v i d e d  %s shown i n  Figure 3.3-1. 

I 
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The 3ita a i s  f"ibr1ehtd Crom ';hg- back surt':ice of a (L;~LRSS searchliC$t mirror and 

i s  C O I R ; I O S ~ ~  of a reinforced tJpoxy o u t e r  surface w i t h  an under structure mde 

of mod qnci reinforced p l a 6 t e r .  To !'om a male d i e  from ;he male master an 

ini,-rrueditts-- f a m l c  pattt3m xis w d c .  

t h ~  L'innl .;urface -vas not an exact reproduction of the master. 

Dosyite three r,ttzq:ts ct roeking the diet 

This d*s not 
i 

menn an e x ~ t  replica cannot be obtp'ined. 

of "p:ydrocal" p l a s t e r  u d ,  esp.-ci i l ly  on the  f irst  two ,  used hand touch-up 

The vendor chose t o  makc the femalz t 
i 
i 
i 

terh-?i r p = s  - T n s y c t i o n  of the third at'cmpt shm9d a vast inprovement over 

the f i r s t  :tnd s?cond, although some del'ectn were s t i l l  noted. 'Iowever, th{2 5 

l imi th t ion  of' funds t'orced acceptance of the tnt.4 attempt. The effect  of die  

defects will t i t . *  cliscussnd i n  the section on inspection. 

To :.:aid d i n  2j,.*fects in f'uture forming, on? of three s l t e r n s t i v c s  can be d e :  

1. Fozm over the glass mster .  

ZrnF f ir : t  OT w.coni! choict ,dould be used t o  bui ld  -.dditional co l l ec to r s  of the  

g,eomr.t,ry u. ~2 in this cont rac t .  For  o t b r  geomt-tries, th+, t h l d  choice would 

bc7 used G :net syin casting produces highly accurriti? paraboloidal sur fsces .  



10 C A 5 L  - OC 

m-5043 Thompson R a m  Wooldridge tnc. R L M R T  W 

CLEVELAND. OHIO, U 5 A 

The specimens recorded on Figure 3.4-2 were C , m E i l e  t es ted  t o  determine whether 

t,hz LUilnr '8 l i nes  were uggrrtmted by th'? cor!ipound curvature being formed or 

whet?it.r elon3;ntion intrs the ;'xr r . lastic region hnd R bearing. Tho flr-Lt spechens  

d id  fomt Luder's l i n e s  comparable to  those aurin*: forming ryld occurred early i n  

thc ? l a c t i c  region a& ehown. I I o w ~ ~ e r ,  the rate of s t r a i n  Ypplication did have 

ii he'lrind. The f a s t e r  s t r a i n  ra tes  produced f i n e r  Luder 's  ling-.s. But, t h e  strain 

r : ' t g a  i n  t he  s t r e t c h  Torming 2xceeded the tensilr. t e s t  rates by a+, least 10 t o  1. 

Therf.fors, i t  a s  concluded that  there WLIS no e f f e c t  clue t o  the compound curvature 

that thtl l i n e s  i ' O m 2 d  despite th-. 1occ.tion i n  t h ~ '  p l a s t i c  region rind there wa8 

no n ~ e d  to incrsase t h e  rc.ite of s t r a in  appl icat ion.  

During forming i t  was f'owid n+c ?scary t o  protect  thy. stock from being scrrxtched 

by the d i e  surfec-. 'In9rot-cted sheets showcad considerable surfaci: scrr? tching 
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which c o d 6  not  eas i ly  be covered by Lie s u r f : i c ~  irqrovzm;l.nt :)roc*-ss. Several  

methods of intrwlucin2 1  buff.?^ mn!xrinl wiirn triy7d x i t h  varying SUCCCSG. 

1. Nystic brand "Protecto Mask" t ~ p e  w86 applied to  the stock.  

This i s  a low adhesion t y p  tope which WAS applied in s ingle  

widths.  

2.  A sheet of polyetnelene or WA (poly vinyl alcohol) about ,005'' 

th ick  xa6 attached t o  the stock by taping. along the edges. 

3 .  A shect of PVA was str?tched over  and taped t o  the die. 

4. A comercial  di-. wax often used i n  s t r e t c h  forming t o  

eliminate o r  m i i i i u t i w  scrritching vas applied t o  the d i e  surface. 

Thr. use of pltiL8tI.c sheets or di? m a  'tpplir?d over the d i e  surface vere the  

mo6t cuccessful i n  r l in ins t inG scrtitchps. Application of thp Mystic tape or 

p l a s t i c  sheets t o  the stock eliminatcc! scratching,  but they took more t i m e  and 

t>ffort  t o  apply snd t o  remove? them. A d i f f i c u l t y  encountired i n  the use of all 

these burfTr mt%thod.s  w a s  t h a t  ,my Fmpc~fections i n  the sherjtr o r  ax marked 

off  on the .formed stock. In  d l  cases imperfections '.?ere noted. The l'sist 

amount of mz-k-off WAC notcd w i t h  use of' d i e  w a x .  Althou&,non-Unlform 

t,lzickn-sscs of wax durin6 npplicst ion t o  the  d i e  surface showed u? a6 less 

detcct5:bk surfiicc? devfations because they covered larger areas .  Additional 

work must be done i n  obtaining be t te r  p l a s t i c  sheets or i n  *uniform ap?l icatIon 

of die W K X .  

In general ,  the: d i s t o r t i o n s  encountered must be eliBinoted. ;iowver %he formed 

shee ts  used f o r  911 ths-e collectors vere made i n  one production run. A total 
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3.5 Sector Trinming 

-3- - ^ L ^  -- L i i A  a c c b u i a  *i.ji-E L ~ i ~ ~ l c d  f r ~ ~  the gti-eteh f~i-=+>C: stock &E ~ t ~ i i  in F2g.iii-y 3.5-1. 

A hidh s p e ~ d ,  rotairy s l o t t i n g  s a w  WLS u5t3d t o  R V O I ~  edge distortions resulting 

from the usutil t i n  snip or a i r c r a f t  "nibbler" tools. The stretch formed stock 

w4r p1ricP.d on the glass m6ter w i t h  114" t h i ck  plexiglass  strips between the  

stock and m a t e r  so CLS t o  prevent m r t c r  damage. Rails were uacd t o  guide t he  

SE~V dh-n cu t t i ng  along tn? r d i t t l  edges. When cu t t t ng  dong t he  outs lde dimneter 

th.-~ s a w  TI:; uttach9ci t o  Y rot:ttirq b v w n  centered a t  thc3 vertex or' the rmster. 

Af ' t t - r  stitwing, the  sectors were deburred dithout d i f f i c u l t y  with u f i l e .  The 

triirtninr opsrat ion w r s  quite SucctssGful. Only zn wxnsional  distortion JGG 

*-ncoutt:red when the a l o t t i n g  saw ;rould s top.  A s l i g h t l y  Zir'gcr a i r  motor 

si10uLd ~ L i m i n r ~ t e  th i z .  In moet c a S e G  t h t r c  wds little i f  any e d d i t i o m l  f i l e  

t r iwi inf i  required whcn the sec tors  were :tr,sembled togsth2r on the master. 
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3 .  o Surf w-3 FinFsh  Improvr:trnt 

In  order t o  s1)prmch R mirror-l ike surface f'.l2ish, i t  hcs been found that 

%luminum alloy sheets  cannot be used as received. This applies t o  stock beforft 

o r  h f t e r  s t r e t c h  Taming, find should not be confused with the Luder'e lines 

3iscussed in the  sect ion on forming. Th? method used t o  improve the surfac2 

f i n i s h  i s  t o  spply R "lacquer" type coat ing which r*?suli;s i n  "% vast improvement 

i n  f i n i s h  md  can be classed as mirror l i k e .  

9 f t P r c o q u  i E on. 

Figure 3.6-1 show6 8 before and 

To emure th:it the  r e su l t i ng  lay?r  i s  space worthy, the coating rmtt?ri:rl should 

be a 100 prrc?nt  s o l i d s  volymer dhen cured out. The thinned epoxy tyT3es appear 

to b? xcll Gutted fo r  t h e  ?pplica*.ion. In  t h i s  case, the thinncr  if? v o l a t i l e  

and is used only to  a6sul-e a low iriscosity l i qu id  t o  provide a. smoot9er surface 

f i n i s h .  The majority of th inner  vaporfites i n  9- matter of minutes and i s  

completely driven off' during t he  cure cycle a t  elevated temperature. 

The sec to r s  w?re clearled p r i o r  t o  apnlicution of" the surface improvement h y c r  

as in Figure 3.10-10. 

The cott ts can b? appl ied by -ith:r snr:Aylng or dipping. To date ,  the  dipping 

technique htts bte-en more successful,  xlthough the?re a r e  some udvantsges t o  

spraying. 

t he  cured coats  .ire adequate. 

of d i r t  are noted on ti-rc surface %nd the re  tir? occasions when very minute 

"bubbles are noted which reducc. t w  r e f l e c t %  s l t y  of the subsequent V A C U U ~  

evsporated i!luniinum i ' i lm.  The pa r t i c l e s  c m  be e l in inx ted  by proper clean 

room procedures not  av:iikblt: t o  t l i P B  process bc?cause of fund l imi ta t ion .  

In  both cases, t n e  process b e  not been refined t o  the point  Ghere 

Two d i f f i c u l t i e s  have been encountered; particlee 
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I'he"bubtil,?s"ar;. quiLe smii ( *cr.ounci .301") a n d  i t  h a  not Seen d2tL:rrclned &ether 

they A r e  tiir, wbter vapor, thimcr o r  6 2 ~ ~ 3 1 1  corigulktims QP epoxy and ca t a lys t .  

Soue samp1.s ktv'1 bt3en cai tcd which :ire i'ree of " b u b t l - . ~ "  3rd others  t r ea t ed  

%pptti'ently i u  the same m m n e ~  v t x  cov*:red with t h e m .  Again, s lack of  fund^ 

has prevented the inves t iga t ion  tbt t h o :  "bubbln" problem mrrmts, and it  

3~p2n1-6 t o  be only mrginRl  €11 n ~ t w c .  The thinner  composition, cure h i s to ry  

and 'numidity *ire suspects " L t  t h i s  time, i n  thlt descending order of importance. 

C o ~ t s  app l i ed  by dipping metfsurc? from .0001" t o  .OOO5" thick,  depending on 

.fhlt th.r  th3 mxisuremt?nt i s  W.9 from t h c  top  OP th? bottnm, w h t l v e  t o  the 

;r:hy th. c,%ctors X r n  placDd t o  drain off' excess Liquid. 

The S/nl 1 collector wfts q r a y  coated with "Relac", a commercially available 

surf'ace f in i she r ,  becausn the t b i n n 4  epoxy techniques were not quite adequate 

e t  thc. time. 

because acetone cmd t o l u o l  httack t h s t  i ' i l m ,  whereas the  thinned epoxy f i l m  are 

rt.sist,mt, t o  t h s e  solvents .  The S, 'L!  2 col lpc tor  WAS d i p  coated with thinned 

cpoxy becuuse previously coated sampl.>s were xd:?qu:ite. iiowever, four of the  

sec tors  showed "bubble" pa t t e rns  whereas th.2 otlicr four were much superior. 

Thri l i g h t  stxtors were coated i n  the same batch, although the poorer ones wer3 

coatrd l.i.;t, vhlch ind ica tes  H cure-history qus l i t y  cont ro l  requirement. 

This product does not cure out t o  R 100 percent solids polymer 

The sec to r s  w ? r ?  individual ly  coated r a d  subsequently r e f l ec t ive  and prot-ctive 

fikn coated i r idividuj l ly .  This method WLS chosen, over the more desirable 

upplici1t;ion of' the three coats onto 8 complete co l l ec to r ,  p r l imr i ly  because t h z  

proccsscs ,t:r? n3t  levc- lop~d cnou&i t o  ,illow confidence that a complvte coll.actor 

xould u t  b r :  scmped. i.'ltimtLtrly, i t ,  w i l l  be d e s i r a b l e  t o  "ipI.ly cO:its on the 

complete %sernbly once 3rocess control is achiwpd.  
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. ,I S!ic.L1 'trick ;*.in,; AZS~XAJ i y  

Tht- sone gb f:z sesrchlight. rdrror usmd to fabricfi te tne s t r e t c h  Tanning die 

WAS w e d  t 9  :issemble the s h z l l .  i.'i@.r* 3.9-1 rhaws t he  assembly Fn process. 

It  w-zc r ~ c e s 6 a q  t o  tat) care while p b c i n g  the  sec tors  i n  p L c e  t o  avoid 

scratchine ;,he s i l icon  oxide Txrotectitre layer.  

mien th-1 sectors were i n  place, the areas  of bonding were cleaned with solvents 

iu < L : , b u ' e  y,- >diit:sis,ri t j ~ i i i i .  inch sti-j.Fs of .GS" h ~ i i i i ~ ~  rtXL~j., 

obtained from the  excess  stock trimmed 3 o m  t h e  s t r p t c h  formed eheete, were 

useci t o  lap j o i n  the sec tors .  Thy rdht.sive was rcinf'orced w i t h  two lrtyers O f  

co tson  f'r.bric t o  r,t.sure gomi i ' i l l - in  bciween thc? s t c to ra  m d  the  s t r i p .  

1% polycthylenc bag was then ,>laced over the asserribly md a vacuum drawn such 

r,h.:t th- :ihell WYE h a l i !  i n t lmt ,P ly  aga ins t  the mnst6.r with a 10 PSI load over 

th:? n n t i r e  surf ~ c + .  Vitb mister we6 not loaded, however, because atmospheric 

prrssuri? exist+id over thi. con-mx an& concave sides. The adhesive w a s  room 

t t7mp~~r;Ature cured for  minimum of 15 hours before fu r the r  fabr ica t ion  w a s  

performed. 

t,fim nec~6scn-y to bre:Lk VYCUW by r-movi:ig t n r  bag i n  preparation for  

a t tcch ing  t,hG. stiffener r i n g  t o  tho shi.11. 3o'cl-v-r, durini; curing of the  

ri i&-to-chg*ll  d h ~ ~ s i v ~ ,  'L vacuum WR,P zznin applied be twen the  shell 4 master 

TO ttsccre ttri: thi. sh-11 (l id not, r i .v iTte  from thr  mister shppc. The roundness 

and fl i l tnf-ss of  t h e  sti.ft'eni.r r ing  7dgc vhich bu t t id  agninst  the  shell  d id  not 

m-t t h -  1;31'*r~incr* ;.ad r*qui!-'d cur,t.in; *mi i 'ilinq t o  assure contact along the 

a n t i  rcs c ircunii'ercnw.. T h t .  Cii :'t 'lculty hare WRS t b f ;  i'und l imi t a t ions  did not  

: i l l o w  Lclequatz f'ixturms rad toolink; f o r  fabr ica t ion  of %h? r ing .  In s-tny ..vent, 
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It wLs s!iom t,h?..,t tne rustar p.8 dis tor ted  during CWP of S;E 1 m d  surface 

slop2 of' u? ' io 15 minut:s 2xist f .d .  

resu l t r ,  9T three suiport, methmls, as i~jt.n:,Fr'd..:d on qach zketch. The llnesl of 

c>mst?ril; a l w s t i o n  relative LO the. l o v > s t  (Tero) c in  be used t o  get a good 

i ?proxFmtion  of surface shape. 

.,nJ 3.9-5 is e l l i p s o i d d  Find thcTt the v+ro e levs t ion  l i n e s  a r e  90 degrees out  

of ?has?. This means that thi. master could be posit ioned to  an optinum shape 

x i t h  minimum surface s l q e  e r ro r s .  The mnst.?r vas t h w  suprorted a t  s i x  

,l.l.justR.bl,? support  ?ointo on FL c i r c u l t r  r ln,a.  The r c su l t i ng  ship ira5 much 

h : r c w 4  'is F i g r e  3.'?-6 shovs. Th? m n x i i i w i  slope error i n  thp first two 

c u ? p o r t  rnnthxls WPS ,ibout 1 4  m i n i t e s ,  rind a l w g e  percentage of slope errors 

V'P? nsz r  thL:; VI.!.U~-.. 7%" rmxirnuni e r r o r  i n  ',h.: trliAd suFport method was about 

t i  m! nutc's, but only $1 ; m a l l  r;)+rc"ntqy of crrors were near t h i s  vPilue. 

I' ieur-s 3.3-4, 3.9-5, and 3.9-6 shcrw inspectic 

Note tilat the mister shflpe In Figures 3.9-4 
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For ease of d n t 2  reduction, thc shdow on th.: Fhotogr:,phs w a ~  mi%de more pronowowl 

by ‘,r:-:cin-; .sl.oni; t!i’ c,r*nt<?r of the  grid l i n e s  with a p n .  T h i s  made easier 

m m ‘  ur f iwnL ?ram t h - - A  t raced 1LnP t o  thc pettern reference l i n e s .  
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3- r I. t ~ v x ~ % x i  z the r e s u l t i n i  co l lec tors  frm ne-tinz the o y t i c a l  requirements necesmm 

f:~r use with i th-miionlc conrprter.  3i:c:zuse of .fund l imi ta t ions ,  the necerts#ry 

cor rec t ivo  :Lctions could not be tc.lken. I?crwcver, It  i r ,  s t rongly  f e l t  that the 

f'rLbrication z c t h d  cLon pro l id?  the  d e s i r d  qudlity should thew ac t ions  be 
R 

iude with . idditionil work. The low spec i f i c  weight of 0.58 lb/f%', ocmrpwed t o  

I:, t s  therefore recornend4 thr l t  s d d i t i m x t l  work be done to r e f i n e  the fabrieatia 

tec 'zniques.  

1. 

Th.? proposd e f f o r t  would include the follswing: 

F a b r i w t e  R new 60 inch d i e ,  e i t h e r  b y  improved rep l i ca  te?chnlq.paeP 

or by us? or' the glass imstrr properly reinforced. 

Use *ilLuninum alloy 3003 or 3004 to  avoid Luder's l i n e s .  

FifOcii'L'y th- sec tor  J o i n t  design t o  avoid surface e r ro r s .  

I J w  improved 6urf~i  ce f 'inieh improvement t e c h i q u n s  wherein 

clean room f a c i l i t i e s  m d  modifications t o  the  present coat ing 

method w e  used. 

2. 

13. 

'4. 

5. Conduct thermal m d  s t ruc tu ra l  design stuides including l i m i t e  

c x p r i w n t a l  vPrtfLcat ton o f  thP better design aspects .  

I q r o v n  the. stif'fen-lr r ing m d  mount point design t o  reduce 

wcis!it ''nd nr?vtde roqulred stifmass based on rtxsults of 

nrcviou:; st?-. 

FLbr ica te  :mother 60 Inch c o l l w t o r  incorporst lng a l l  the 

design inryovcments f o r  evaluation at MASA Lzngley. 

6 .  

7 .  
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